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ABSTRACT

Consistent variation in behavior among individuals of the same species is referred
to as animal personality. Personality has been found in a wide variety of species across all
taxa, including numerous small mammal species. Animal personality has the potential to
affect the life history characteristics of individuals within a population. Particularly,
personality may affect the way in which an individual interacts with its environment, be
this through home range or microhabitat selection. To further understand how personality
affects home range and microhabitat selection in small mammals, we conducted a field
study in the Penobscot Experimental Forest, Maine (USA). Three small mammal species
are the subjects of this paper, including deer mice (Peromyscus maniculatus), southern
red-backed voles (Myodes gapperi), and northern short-tailed shrews (Blarina
brevicauda). A series of linear regression tests reveal that there is no relationship between
small mammal personality, home range, and microhabitat selection.
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INTRODUCTION

Animal personality refers to intraspecific individual differences in behavior that vary
consistently across time and ecological contexts (Carere & Maestripieri, 2013). Animal
personality is concerned with consistent behaviors related to boldness, exploration,
consciousness, extraversion, and sociality, among others such measures (Carere &
Maestripieri, 2013; Johnson et al., 2017; Koski, 2014; Szló, Garamszegi, Eens, Nos, &
Rö, 2008; Villegas-Ríos, Réale, Freitas, Moland, & Olsen, 2018). These behavioral traits
may be expressed in a variety of contexts, and have therefore been essential to the study
of animal personality.
Animal personality is a newly developing field that has become increasingly
prevalent over the last decade (Carere & Maestripieri, 2013). This topic has been
investigated across a variety of different fields, from animal behavior, wildlife science,
and zoology to psychology and veterinary medicine. One of the first mentions of animal
personality in scientific literature was written by Meredith Crawford, a researcher
studying young chimpanzees at the Yale Laboratories of Primate Biology in 1938 (Weiss,
2017). Crawford developed a behavioral rating system to measure the frequency of
certain behaviors, and ultimately 16 of the 22 construed behaviors showed significant
repeatability, and personality traits were described from this data (Crawford, 1938). Since
then, animal personality has been identified in numerous species across all major taxa,
including insects, fish, birds, reptiles, and mammals (Carere & Maestripieri, 2013;
Harrison et al., 2015; Johnson et al., 2017; Minderman et al., 2010; Szló et al., 2008;
Villegas-Ríos et al., 2018; Ward-Fear et al., 2018). Personality has been discovered to be
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related to numerous different ecological variables, including spatial dynamics (Spiegel,
Leu, Bull, & Sih, 2017), foraging behavior (Toscano, Gownaris, Heerhartz, & Monaco,
2016), social behavior (Szló et al., 2008), and environmental change (Cockrem, 2013;
Villegas-Ríos et al., 2018), among many others.
Both nature and nurture influence animal personality. Indeed, although the field
of animal personality with regard to genetics has only recently been established,
laboratory experiments have established that personality has a significant genetic
component. Individual genotype determines variation in behavioral traits, and therefore,
behavioral traits are at least partly heritable and can influence the life history of the
individual (Carere & Maestripieri, 2013; Dingemanse & Réale, 2005). Phenotypic
variation, the resulting observable characteristics of a population of like organisms, such
as appearance or behavior, is most often studied in animal personality publications.
Selection acts upon the underlying genetics of personality. Fitness, a term that
describes the relative ability of an organism to survive, mate, and produce viable
offspring, is a direct result of natural selection with respect to genotypic and phenotypic
variation. Personality studies in relation to genetics and fitness aim to determine
connections between behavior and fitness by delineating potential fit and non- fit
individuals. Diversity in animal personality, such as a population composed of both bold
and shy individuals, is essential for healthy populations (Dall, Bell, Bolnick, & Ratnieks,
2012; MacPherson, Mashayekhi, Gras, & Scott, 2017; Réale, Dingemanse, Kazem, &
Wright, 2010). Robust populations are composed of individuals with genetic variability,
and thus a spectrum of diverse personalities, will be better able to adapt to changing
environmental conditions.
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Personality may also be assessed in relation to movement behaviors (Spiegel et
al., 2017). Connections between animal personality and spatial dynamics, the study of
how organisms utilize space through time, have linked exploratory behavior and risk
taking behaviors (Dall et al., 2012; Réale et al., 2010). Movement patterns and the
possibility of individuals within a population to disparately take advantage of their spatial
environment may be linked to animal personality as well. Bolder individuals that take
more risks may interact with their environment quite differently from a shier individual
of the same population (MacPherson et al., 2017). These personality dependent
movements may be linked to both home range and microhabitat selection. Although
personality, home range, and microhabitat selection have all been separately considered
by researchers, there is a lack of information on the possible connections between
personality and home range, and similarly, between personality and microhabitat
selection. These connections will be discussed further in this paper. Home range and
microhabitat selection by small mammals are intricately connected, and therefore both of
these spatial ecology factors will be investigated together as possible personality
dependent behaviors.
Home Range
Home range refers to the area in which an animal lives and periodically travels,
encompassing all of the resources needed to sustain the animal. Home range of an
individual animal is a type of habitat selection, which is a complex, hierarchical process
of behavioral responses based on both the availability and quality of the habitat and the
individual’s requirements (Gaillard et al., 2010). Home range estimates have been
investigated by scientists for a variety of reasons. Home range estimates may provide
3

useful insight into foraging decisions, mating patterns, social organization and
interactions between animals, and critical habitat components, as well as allow the
researcher to determine where an animal may be found with some level of predictability
(Boitani & Fuller, 2000). By quantifying home range through collecting data about the
animals spatial use, one is able to gain insight into the animals own cognitive map
(Boitani & Fuller, 2000). Home range size varies among small mammal species.
Furthermore, home range size can vary significantly within a species (Burge &
Jorgensen, 1973; Stickel, 1968; Wood, Cao, & Dearing, 2010). Home range size
variability could be due to a variety of factors, one of these being personality.
Personality studies may help to explain why behavioral differences exist among
conspecifics, and why movement patterns vary among members of the same species. For
instance, home range may be linked to bold or timid personalities. An animal with a bold
personality might have a larger home range due to increased exploration of the
environment, while a timid individual of the same species may prefer a smaller home
range in which the animal has a greater familiarity with the area. Conversely, bold
individuals that are considered strong competitors or dominant individuals may have a
smaller home range with minimal overlap with other individuals, and thus a potential for
greater resource availability, while a timid, subordinate, individual may have a large
home range that overlaps with a number of other conspecifics (Dueser & Shuggart, 1979;
Howell, 1954). Although personality and home range have all been separately
investigated by researchers, there is a lack of information on the possible connections
between personality and home range.
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Microhabitat Selection
Microhabitat selection is the process by which small mammals choose available
features within their home range based on biological components. Microhabitat includes
the “variables that influence the allocation of time and energy by an individual in its
home range” (Mohammadi, 2010).
Microhabitat selection by small mammals may be influenced by numerous
factors, including, but not limited to, habitat features, resources, intraspecific and
interspecific competition, and predation (Krausman, 1999). Small mammal microhabitats
have also been observed to be complimentary for different species sharing the same
habitat. Thus, the variables that limit members of one species may compliment those that
limit another species. These complimentary habitats are evidence of interspecific
competition and niche partitioning (Dueser & Shugart, 1978).
Coarse woody debris has become an especially important aspect to examine when
managing small mammal forest habitats (Freedman et al., 1996; Harmon et al., 2004).
Several small mammal species utilize downed logs for foraging, nesting, and travelling.
When individual personality has been linked to movement patterns in the animal’s natural
environment in the past, only broad habitat descriptors, such as characterization of the
habitat as open or forested, have been used (Spiegel et al., 2017). In this study, small
mammal personality will be correlated to detailed habitat components, such as the
amount of coarse woody debris present in the microhabitat. Just as bold and shy
individuals’ home range size may differ, personality may also affect the way in which
small mammals interact with fallen logs in the environment. The importance of cover,
one of the main benefits of coarse woody debris, may therefore attract small mammals
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with timid personalities, as these animals would likely prefer additional shelter from
detection by other animals in the system, either competitors or predators. In contrast, bold
individuals may not be so reliant on habitats or home ranges with an abundance of coarse
woody debris.
Home range and microhabitat preference will both be investigated in this study.
This study will help to augment the already existing information of these topics. In
addition, personality will be correlated to both home range and microhabitat selection in
small mammals. Overall, the purpose of this study is to explore the relationship
between small mammal personality, home range size, and microhabitat selection.
Two main objectives exist for this study:
•

Test the hypothesis that personality and home range are correlated to one another,
which may suggest possible causation.

•

Test the hypothesis that animal personality and small mammal movement in areas
with coarse woody debris are correlated, and explore this possible causation.
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Box 1. Species biology with relation to home range for all three small mammal species.
Peromyscus maniculatus is a well-documented species in the literature. Deer mice are ubiquitous
in North America. They inhabit a wide variety of plant communities, varying from grassland to forests.
Home range varies from 0.8 acres to 4.66 acres (Stickel, Lucille, 1968). Additionally, deer mice maintain
several home sites within the home range. The extent of travel within the home range may vary with a
variety of factors; however, deer mice have been observed to regularly travel along the same paths to the
nest (Graves, Maldonado, & Wolff, 1988). This suggests that deer mice follow regular routes within their
home ranges. Furthermore, field naturalists have determined that home range fidelity in deer mice is strong
(Howell, 1954; Wood, Cao, & Dearing, 2010).
Unlike many small mammals, deer mice are active in open habitats. Fallen logs
are often used as runways, as these structures provide protection for the travelling
individual (Baker, 1968). Since deer mice are often above ground and move along
runways, it is likely that this study has captured the true home range of individual deer
mice.
Information on southern red-backed voles and northern short-tailed shrews is slightly sparser. The
home range of southern red-backed voles varies from 0.25 to 3.5 acres (Nordyke & Buskirk, 1991). Home
range of northern short-tailed shrews is estimated to be around 6 acres (George et al., 1986). Northern
short-tailed shrews are semifossorial; the species lives both above and below ground, travelling under
vegetation cover, digging tunnels, or using existing tunnels. Northern short-tailed shrews, however, are
frequently active on the surface as well, particularly in heavily forested sites. Therefore, northern shorttailed shrews were available for capture during this study.
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Box 2. Species biology with relation to microhabitat selection for all three small mammal species.
In one study on microhabitat preference in deer mice, Peromyscus maniculatus revealed a
preference for habitats containing trees with a large diameter, and sites containing more woody stems
(Graves et al., 1988). Peromyscus maniculatus was often caught in traps closer to tree cover as well, with
less exposure to the open sky (Mohammadi, 2010). Peromyscus maniculatus seemed to prefer late
successional deciduous forests populated with beech and maple trees (Drickamer, 1990). In another study,
Peromyscus maniculatus was found to prefer habitats containing trees with a large diameter, particularly
red maple, white oak, and red oak species (Graves et al., 1988). This propensity for deciduous species was
also documented by researchers Dueser and Shugart in 1978, and may be related to the fact that deer mice
primarily nest in large hollow trees (Graves et al., 1988). These researchers also recorded Peromyscus
maniculatus’ preference for a high density of shrub understory vegetation and low shrub evergreen species
(Dueser & Shugart, 1978).
Microhabitat has also been studied in both Myodes gapperi and Blarina brevicauda. Southern redbacked voles occur throughout North America and occupy a multitude of
habitats (Hayes, J.P., Cross, 1987). Old-growth coniferous forests covered
with decaying, mossy logs and tree roots are the preferred habitat of this
species (Bowman, Sleep, Forbes, & Edwards, 2000). Northern short-tailed
shrews range from south east Canada to the south of Arkansas and Georgia in
the United States. Northern short-tailed shrews favor hardwood forests with
extensive ground cover. Studies of Blarina brevicauda also show that this species prefers deciduous forest
environments (Dueser & Shuggart, 1979).
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METHODS

Study Area
This study was conducted from June to November 2016 in the Penobscot
Experimental Forest (PEF, 44 053’ N, 68 039’ W), located in the town of Bradley in eastcentral Maine, USA. This experimental forest was established by the United States Forest
Service as a long-term research site. The PEF is located in a transitional zone, between
the eastern broadleaf and boreal forests of the Acadian Region, making it a unique
research location in the state of Maine (“Penobscot Experimental Forest - Northern
Research Station,” 2018). Common tree species include balsam fir (Abies balsamea),
eastern hemlock (Tsuga canadensis), eastern white pine (Pinus strobus), and red spruce
(Picea rubens).
Sections of the PEF have been managed for a variety of silviculture treatments.
These treatment areas have been logged at scheduled intervals and replicated twice
(Brissette & Kenefic, 2010). Each treatment area averages 8.5 hectares in size. Two
sections of forest have remained unmanaged since the late 1800s, and therefore these
sections serve as reference areas for this study. Six treatment areas are utilized in this
study, including two duplicated sections each for comparison.
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Figure 1. Map of the study area, the Penobscot Experimental Forest (“Penobscot Experimental Forest Northern Research Station,” 2018). Grid sites include 7a and 7b, classified as shelter wood treatment areas,
18 and 51, selection areas, 6 and 10 irregular shelter wood treatment areas, and Brock’s grid and 32, the
reference areas.

Field Study
A capture-mark-recapture study was performed over the course of two years, from
June to November of 2016 and 2017. Numerous small mammal species were tagged and
evaluated, including the deer mouse (Peromyscus maniculatus), the northern short-tailed
shrew (Blarina brevicauda), and the southern red-backed vole (Myodes gapperi). The
following methods were approved by the University of Maine’s Institutional Animal Care
and Use Committee (IACUC number A2015_11_02).
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Experimental Design
Eight study grids, including two control grids in old growth forests for reference
and three treatment grids with duplicates were selected for this study. Each grid contained
100 flagged points spaced ten meters apart. Longworth traps were placed at each flagged
point along natural passageways in the forest. Traps were baited with sunflower seeds,
oats, and freeze-dried mealworms and lined with cotton to provide bedding for the small
mammals. Traps were checked twice a day, once early in the morning and once late in the
evening.
After the initial capture, PIT (passive integrated transponder) tags were placed
under the small mammal’s skin at the scruff. These PIT tags allow the researchers to
identify individual animals as they were recaptured throughout the season and into the
next year. Numbered ear tags were also administered to each individual deer mouse or
vole. Since shrews do not have external ears, a small haircut was used to mark shrews
instead.
In this study, open field tests were used to measure behavior in individual small
mammals. Open field tests are a common measure of anxiety, exploratory behaviors, and
movement in small mammals (Gould, Dao, & Kovacsics, 2009; Koski, 2014; Réale &
Dingemanse, 2012). The novel environment presented by the open field test provides a
sufficient contrast for comparing similar behavior in the field.
Open field test boxes are plain, square, white boxes with an identified center
region that were cleaned with alcohol between tests and dried. Test boxes were placed on
a level surface, and a tarp placed above the test box ensured that canopy cover was
controlled for. Researchers placed small mammals into open field test boxes immediately
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after identification of the individual. New, or previously uncaptured individuals, were
tested for behavior before receiving either a PIT tag or ear tag. This ensures that the
animal endures minimal handling and stress before entering the test box. Animals roamed
freely in the box for five minutes as a camera recorded the animals behaviors and
movements. At the end of five minutes, small mammals were removed from the test box
(A. M. Brehm & Mortelliti, 2018).
At this time, age, weight, sex, and reproductive status were all recorded. The time of
day and date of capture for each animal were also recorded. Most importantly, the grid in
which the animal was captured at and the trap in which the animal was found were
documented (Brehm & Mortelliti, 2018). This information was later used to determine if
the aforementioned variables had any effect on behavioral responses.

Video analysis of the open-field-test
At the conclusion of the 2017 field season, all of the open field test videos from
both 2016 and 2017 were reviewed. The number of technicians processing the videos was
minimized to reduce inconsistency.
Behavior was quantified using the program ANY-Maze, a behavioral tracking
software designed for researchers. In this case, ANY-Maze was used to track the prerecorded videos from both of the field seasons. A total of 560 videos were analyzed using
ANY-Maze, including 82 shrews, 222 voles, and 256 mice.
ANY-Maze settings were adjusted by researchers before use. For this project, the
system was set to track the center of the body of the individual. The tracking apparatus
was drawn as a square forming the base of the test box. A second zone was also created
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to outline the center of the test box. Both the tracking apparatus and the center zone can
be adjusted to fit each field video.
Values imputed into the program included the individual animal’s PIT tag
number, the grid, trap, date and time of day of capture and video recording in the field,
and species, age, sex, and weight of each individual. Furthermore, numerous values were
automatically recorded by the system for each individual during each new video,
including video trial number, duration of the video, distance travelled within the test box,
mean speed, time mobile/ immobile, and time spent in the center of the box. Additionally,
the video technician reported the time the animal spent grooming itself in the open field
box, the number of times the individuals jumped in the box, and the number of times the
animal reared in the box.
Results of this behavioral assessment conducted through the program ANY-Maze
were organized into a comprehensive Excel spreadsheet. This data was then analyzed to
determine personality. Personality was assessed using mixed-effects models, and target
behaviors measured in the open field tests were evaluated for repeatability (Brehm &
Mortelliti, 2018). Repeatable estimates are those that indicate that a large portion of the
variance can be attributed to differences between individuals rather than among repeated
observations of the same individual.

Personality
In a previous study, behavior was quantified using open field tests for a variety of
small mammals species and evidence of personality was determined from the results of
the behavioral testing (Brehm & Mortelliti, 2018). A table of these results was copied
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from Brehm 2018 and can be found below. Deer mice show strong evidence for
personality, with significant repeatability for 13 behaviors of interest. Red-backed voles
show significant repeatability for 14 behavior of interest, and northern short-tailed shrews
are significantly repeatable for 11 behaviors (Brehm & Mortelliti, 2018), (Table 1).
Home Range
In this study, home range of individual animals is calculated by determining the
traps visited by each individual, as well as the distance between each trap. Each trap
within a grid was designated with a distinct letter and number code at the beginning of
the 2016 season. However, trap codes were converted into (X, Y) coordinates for this
project. Distance travelled in the field, a proxy measure of home range (Stickel, Lucille,
1968), was then calculated for each individual using the Pythagorean theorem.
Average mean speed, jump frequency, rear frequency, and time mobile in the
center of the arena for individuals from each open field test trial were then compared to
the distance the individual travelled in the field. One observation per individual was
included to ensure that there were no repeated measures, as this would have led to a lack
of independence among data points. A simple linear regression was used to measure the
relationship between these variables calculated during the open field test and overall
distance travelled in the field.
Microhabitat Selection
Microhabitat data was collected during July 2017. Microhabitat characteristics
were recorded at each trapping site at each grid. Various information was collected,
including the percent cover from various plant and canopy species, coarse woody debris
measurements in meters, and common species located in the area. For the purpose of this
14

study, two measures of coarse woody debris will be evaluated, including coarse woody
debris measuring 10-20 centimeters in width, and coarse woody debris greater than 20
centimeters in width (Box 2).
Distance from the center of the test box, a behavioral value calculated by ANYMaze, were then compared to microhabitat variables collected from the field.
Furthermore, two tests were performed for comparison, including one observation per
individual for animals with more than one capture, and the first observation for all
individuals.
Simple linear regressions were performed to determine the relationship between
the distance from the center of the test box and the amount of coarse woody debris found
in the trapping site. Time spent at a greater distance from the center of the test box will be
interpreted as a shyer personality, and the time spent in the center of the test box will be
interpreted as a bolder personality type (A. M. Brehm & Mortelliti, 2018).
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Table 1. Behavioral data collected from the open field test for individuals of each species, deer mice
(Peromyscus maniculatus), Southern red-backed voles (Myodes gapperi), and Northern short-tailed shrews
(Blarina brevicauda). The first six variables were used in the home range calculations, while distance from
the center of the test box is the variable used in the microhabitat calculations. A definition and biological
interpretation is included.

Behavior
Mean speed

Definition/ Biological Interpretation
Distance travelled in the arena divided by the length of
the video. May have a connection to the distance the
same individual travels in the field.

Jump frequency

Number of jumps per unit time for each individual in
the test arena. May indicate activity level of the
individual.

Rear frequency

Number of times the animal reared per unit time for
each individual in the arena. May indicate activity level
of the individual.

Center

Time mobile in the center of the test arena. Suggests
risk taking and boldness in small mammals.

Distance from the
center

Average distance from the center of the test box
calculated as the animal moves throughout the arena.
Risk-taking and boldness can be inferred from this
variable.

Table 2. Microhabitat data collected from each of the trap locations at each grid. Two measures of coarse
woody debris were used in this study.

Microhabitat Feature
Coarse woody debris 1020 cm

Definition
Woody material measuring between 10 and 20
centimeters in width

Coarse woody debris
>20 cm

Woody material greater than 20 centimeters in width
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Statistical Analysis
In analyzing the results of this study, three statistical values will be considered,
including p values, 𝑟 " values, and the 𝛽 intercepts. These values were considered for
each of the three small mammal species, Peromyscus maniculatus, Blarina brevicauda,
and Myodes gapperi, as well as for each of the tests run for both home range and
microhabitat selection.
P values indicate the probability associated with the calculated test statistic from
the sample. If the p value is less than 0.05, then the results are significant. The p value
results of the linear regression for each of the three species of interest are greater than
0.05, and therefore the results are deemed nonsignificant. 𝑅" values, also known as the
coefficient of determination, is calculated as the sum of squares of the regression divided
by the sum of squares of the total, and explains how well the regression predictions
approximate real data points. An 𝑟 " value of one indicates that there is no residual error,
and that the regression predictions perfectly fit the data. Lastly, the 𝛽 intercept is the
slope parameter.
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RESULTS

Captures
During the months of June- November 2016 there was a total of 10,449
Longworth trap nights within 8 trapping grids, 100 Longworth traps, 3 trap days, and 5
month. A total of 569 individuals of the three small mammal species Peromyscus
maniculatus, Myodes gapperi, and Blarina brevicauda were captured and tagged during
this time, including 246 deer mice, 237 southern red-backed voles, and 86 short-tailed
shrews.
The final dataset for this study is composed of 561 open field test results that were
used to quantify behavior for 256 deer mice, 222 southern red-backed voles, and 82
northern short-tailed shrews. Of these, 398 individuals were identified, including 200
mice, 144 voles, and 54 shrews. These animals and the data gained from them are the
focus of this study on home range and microhabitat selection.
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Table 3. Image copied from Table B2.4 of Brehm and Mortelliti’s unpublished manuscript (Brehm &
Mortelliti, 2018). Repeatability estimates show evidence of personality in small mammals, and this data
was utilized on this study on personality, home range, and microhabitat selection.
Table B2.4 Repeatability estimates for target behaviors measured in three behavioral tests (handling bag,
emergence, and open field) in deer mice, Peromyscus maniculatus, southern red-backed voles, Myodes
gapperi, and northern short-tailed shrews, Blarina brevicauda
Behavioral Variable

Mean

Range

Repeatability (95% CI)

Handling

19.90

(0, 60)

0.273 (0.07, 0.572)

Latency.emerge

50.80

(1, 94)

0.49 (0.331, 0.648)

Latency.tunnel

42.00

(1, 86)

0.465 (0.324, 0.625)

Time.tunnel

19.20

(1, 43)

0.596 (0.476, 0.714)

Mean.speed (m/sec)

0.10

(0, 0.25)

0.75 (0.701, 0.8)

Max.speed (m/sec)

0.60

(0, 1.97)

0.562 (0.492, 0.639)

Prop.groom

0.09

(0, 0.96)

0.754 (0.708, 0.804)

Latency.groom (sec)

72.80

(0.6, 296.3)

0.685 (0.621, 0.754)

Jump.rate

0.10

(0, 0.55)

0.601 (0.532, 0.673)

Latency.jump (sec)

63.80

(1.1, 299.3)

0.712 (0.655, 0.771)

Rear.rate

0.17

(0, 0.68)

0.783 (0.74, 0.827)

Latency.rear (sec)

18.70

(0.40, 282.8)

0.745 (0.692, 0.798)

Prop.center

0.01

(0, 0.70)

0.559 (0.48, 0.636)

Dist.center (m)

0.24

(0.06, 0.29)

0.745 (0.694, 0.796)

Handling

49.00

(0, 60)

0.421 (0.232, 0.638)

Latency.emerge

57.90

(1, 94)

0.593 (0.463, 0.709)

Latency.tunnel

43.50

(1, 86)

0.61 (0.487, 0.721)

Time.tunnel

21.50

(1, 43)

0.7 (0.594, 0.795)

Mean.speed (m/sec)

0.04

(0, 0.16)

0.613 (0.534, 0.684)

Prop.groom

0.04

(0, 0.70)

0.569 (0.49, 0.644)

Latency.groom (sec)

89.20

(0.5, 286.9)

0.736 (0.655, 0.813)

P. maniculatus

M. gapperi
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Jump.rate

0.02

(0, 0.33)

0.448 (0.354, 0.537)

Latency.jump (sec)

105.40

(1.60, 291.10)

0.705 (0.614, 0.789)

Rear.rate

0.07

(0, 0.56)

0.504 (0.416, 0.588)

Latency.rear (sec)

54.90

(0.20, 294.20)

0.546 (0.448, 0.64)

Prop.center

0.04

(0, 1.0)

0.608 (0.532, 0.678)

Dist.center (m)

0.23

(0.02, 0.29)

0.584 (0.503, 0.662)

Handling

36.40

(0, 60)

0.426 (0.154, 0.717)

Latency.emerge

48.50

(1, 94)

0.549 (0.346, 0.732)

Latency.tunnel

36.00

(1, 86)

0.413 (0.212, 0.624)

Time.tunnel

24.40

(1, 43.0)

0.632 (0.457, 0.778)

Mean.speed (m/sec)

0.10

(0, 0.25)

0.833 (0.771, 0.887)

Max.speed (m/sec)

0.46

(0, 2.01)

0.837 (0.779, 0.889)

Jump.rate

0.14

(0, 1.11)

0.795 (0.721, 0.86)

Latency.jump (sec)

61.90

(2.70, 292.30)

0.749 (0.652, 0.839)

Rear.rate

0.08

(0, 0.57)

0.225 (0.073, 0.414)

Latency.rear (sec)

41.66

(0.50, 289.90)

0.824 (0.754, 0.866)

Prop.center

0.03

(0, 1)

0.669 (0.56, 0.775)

Dist.center (m)

0.23

(0.03, 0.28)

0.864 (0.809, 0.908)

B. brevicauda

Repeatability was calculated from univariate mixed-effect models with identity included as a random
effect. Parametric bootstrapping was used to calculate 95% confidence intervals. N = 705 observations
from 295 individual deer mice, N = 646 observations from 244 individual voles, and N = 246
observations from 109 individual shrews. See Methods for more information. Significant repeatability
estimates are shown in bold.
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Figure 2. AnyMaze tracking apparatus, displaying both the base of the test box, the center of the test box,
and the tracking dot on the individual.

Figure 3. Two different Peromyscus maniculatus individuals with potentially different personalities. The
first image shows an animal that displayed only a little movement during the open field test and remained
on the edge of the test box for the majority of the testing session. The second image shows an animal that
moved throughout the entire test box and passed through the center of the box numerous times.
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Figure 4. Two different Myodes gapperi individuals with potentially different personalities. The first image
shows an animal that displayed minimal movement during the open field test and remained on the edge of
the test box for the entirety of the testing session. The second image shows an animal that moved
throughout the entire test box and passed through the center of the box numerous times.

Figure 5. Two different Blarina brevicauda individuals with potentially different personalities. The first
image shows an animal that displayed minimal movement during the open field test and remained on the
edge of the test box for the entirety of the testing session. The second image shows an animal that moved
throughout the entire test box and passed through the center of the box numerous times. Although the edges
of the video appear to vary from the testing area, this is merely due to adjusting the tracking apparatus.

Home Range
The results of this study suggest that small mammal personality is not correlated
to home range size. The relationship between distance travelled in the field and average
mean speed in the test box shows no significant correlation for each of the species,
including Peromyscus maniculatus, Myodes gapperi, and Blarina brevicauda. This was
concluded through an analysis of the p values, 𝑟 " values, and 𝛽 intercepts for each of the
three small mammal species. Collectively, the p values for each of the small mammal
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species indicate that there is no statistical relationship between distance travelled in the
field, average mean speed, jump frequency, rear frequency, and time mobile in the center
of the arena for deer mice, southern red-backed voles, or northern short-tailed shrews
(Tables 4-7). Therefore, the regression results cannot be used to predict the data.

Microhabitat Selection
Data analysis of the correlation between small mammal personality and
microhabitat selection indicates that there is no relationship between the amount of coarse
woody debris found at the trap and the average distance from the center of the test box, as
concluded by examining the p values, 𝑟 " values, and the 𝛽 intercepts for each of the three
small mammal species (Tables 8-9). Based on these results for the three small mammal
species, it can be concluded that there is no connection between the personality traits
measured here and microhabitat selection (CWD).
Table 4. Home range results based on a comparison of the distance the individual small mammal travelled
in the field and the average mean speed the individual travelled in the open field test.

Species
P. maniculatus
M. gapperi
B. brevicauda

P
Value
0.667
0.252
0.229

St. Error
r^2 value
-0.016
0.010
0.037

Beta coefficient
60.8
36.1
48.3

19.0
16.5
15.4

Table 5. Home range results based on a comparison of distance travelled in the field and jump frequency
for individuals in the open field test.

Species
P. maniculatus
M. gapperi
B. brevicauda

P
Value
0.786
0.390
0.133

St. Error
r^2 value
-0.018
-0.007
0.483
23

Beta coefficient
51.0
56.9
50.5

10.2
9.60
7.39

Table 6. Home range results based on a comparison of distance travelled in the field and rear frequency for
individuals in the open field test.

Species
P. maniculatus
M. gapperi
B. brevicauda

P
Value
0.947
0.639
0.046

St. Error
r^2 value
-0.020
-0.022
0.201

Beta coefficient
52.5
55.6
46.8

12.1
10.3
9.11

Table 7. Home range results based on a comparison of distance travelled in the field and time mobile in the
center of the arena for individuals in the open field test.

Species
P. maniculatus
M. gapperi
B. brevicauda

P
Value
0.981
0.548
0.204

St. Error
r^2 value
-0.020
-0.018
0.049

Beta coefficient
53.0
56.6
34.7

11.0
10.5
6.49

Table 8. Microhabitat selection results based on a comparison of the amount of coarse woody debris with a
width between 10 and 20 centimeters found at an individual’s site of capture and the average distance from
the center of the open field text box for that same individual. Includes one observation per individual for
animals with more than one capture.

Species
P. maniculatus
M. gapperi
B. brevicauda

p Value
0.743
0.173
0.610

r^2 value
-0.020
0.030
-0.078

Beta coefficient
1.48
0.343
1.141

St. Error
0.479
0.416
0.986

Table 9. Microhabitat selection results based on a comparison of the amount of coarse woody debris with a
width between 10 and 20 centimeters found at an individual’s site of capture and the average distance from
the center of the open field text box for that same individual. Includes the first observation for all
individuals.

Species
P. maniculatus
M. gapperi
B. brevicauda

p Value
0.743
0.182
0.911

r^2 value
-0.002
0.006
-0.025

Beta coefficient
1.53
0.806
0.998

St. Error
0.139
0.163
0.418

Table 10. Microhabitat selection results based on a comparison of the amount of coarse woody debris
greater than 20 centimeters in width found at an individual’s site of capture and the average distance from
the center of the open field text box for that same individual. Includes one observation per individual for
animals with more than one capture.
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Species
P. maniculatus
M. gapperi
B. brevicauda

p Value
0.386
0.231
0.983

r^2 value
-0.014
0.016
-0.111

Beta coefficient
1.48
0.431
1.75

St. Error
0.182
0.167
0.617

Table 11. Microhabitat selection results based on a comparison of the amount of coarse woody debris
greater than 20 centimeters in width found at an individual’s site of capture and the average distance from
the center of the open field text box for that same individual. Includes the first observation for all
individuals.

p Value
0.423
0.470
0.806

r^2 value
-0.003
-0.003
-0.024

Beta coefficient
1.50
0.704
1.11

St. Error
0.115
0.142
0.400
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Species
P. maniculatus
M. gapperi
B. brevicauda
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Figure 6. Home range results for Peromyscus maniculatus based on a linear regression for distance the
individual small mammals travelled in the field and the average mean speed the same individual travelled
in the open field test. Results for this regression are not significant.
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Figure 7. Home range results for Myodes gapperi based on a linear regression for distance individual
small mammals travelled in the field and the average mean speed the same individual travelled in the open
field test. Results for this regression are not significant.
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Figure 8. Home range results for Blarina brevicauda based on a linear regression for distance individual
small mammals travelled in the field and the average mean speed the same individual travelled in the open
field test. Results for this regression are not significant.
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Figure 9. Home range results for Peromyscus maniculatus based on a linear regression for distance
individual small mammals travelled in the field and the jump frequency of the same individual in the open
field test. Results for this regression are not significant.
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Figure 10. Home range results for Myodes gapperi based on a linear regression for distance the individual
small mammals travelled in the field and the jump frequency of the same individual in the open field test.
Results for this regression are not significant.
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Figure 11. Home range results for Blarina brevicauda based on a linear regression for distance the
individual small mammals travelled in the field and the jump frequency of the same individual in the open
field test. Results for this regression are not significant.
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Figure 12. Home range results for Peromyscus maniculatus based on a linear regression for distance
individual small mammals travelled in the field and the rear frequency of the same individual in the open
field test. Results for this regression are not significant.
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Figure 13. Home range results for Myodes gapperi based on a linear regression for distance the individual
small mammals travelled in the field and the rear frequency of the same individual in the open field test.
Results for this regression are not significant.
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Figure 14. Home range results for Blarina brevicauda based on a linear regression for distance the
individual small mammals travelled in the field and the rear frequency of the same individual in the open
field test. Results for this regression are not significant.
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Figure 15. Home range results for Peromyscus maniculatus based on a linear regression for distance
individual small mammals travelled in the field and the time mobile in the center of the arena of the same
individual in the open field test. Results for this regression are not significant.
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Figure 16. Home range results for Myodes gapperi based on a linear regression for distance individual
small mammals travelled in the field and the time mobile in the center of the arena of the same individual
in the open field test. Results for this regression are not significant.
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Figure 17. Home range results for Blarina brevicauda based on a linear regression for distance individual
small mammals travelled in the field and the time mobile in the center of the arena of the same individual
in the open field test. Results for this regression are not significant.
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Figure 18. Microhabitat selection results for Peromyscus maniculatus based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the
distance from the center of the text box. Results for this regression are not significant. Includes one
observation per individual for animals with more than one capture.
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Figure 19. Microhabitat selection results for Peromyscus maniculatus based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and
the distance from the center of the text box. Results for this regression are not significant. Includes one
observation per individual for animals with more than one capture.
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Figure 20. Microhabitat selection results for Myodes gapperi based on a linear regression for the amount of
coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the distance from the
center of the text box. Results for this regression are not significant. Includes one observation per
individual for animals with more than one capture.
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Figure 21. Microhabitat selection results for Myodes gapperi based on a linear regression for the amount of
coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and the distance
from the center of the text box. Results for this regression are not significant. Includes one observation per
individual for animals with more than one capture.
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Figure 22. Microhabitat selection results for Blarina brevicauda based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the
distance from the center of the text box. Results for this regression are not significant. Includes one
observation per individual for animals with more than one capture.

0

2

4

6

8

10

Meters Coarse Woody Debris >20 cm

Figure 23. Microhabitat selection results for Blarina brevicauda based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and
the distance from the center of the text box. Results for this regression are not significant. Includes one
observation per individual for animals with more than one capture.
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Figure 24. Microhabitat selection results for Peromyscus maniculatus based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the
distance from the center of the text box. Results for this regression are not significant. Includes the first
observation for all individuals.
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Figure 25. Microhabitat selection results for Peromyscus maniculatus based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and
the distance from the center of the text box. Results for this regression are not significant. Includes the first
observation for all individuals.
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Figure 26. Microhabitat selection results for Myodes gapperi based on a linear regression for the amount of
coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the distance from the
center of the text box. Results for this regression are not significant. Includes the first observation for all
individuals.
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Figure 27. Microhabitat selection results for Myodes gapperi based on a linear regression for the amount of
coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and the distance
from the center of the text box. Results for this regression are not significant. Includes the first observation
for all individuals.
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Figure 28. Microhabitat selection results for Blarina brevicauda based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring 10- 20 cm in diameter and the
distance from the center of the text box. Results for this regression are not significant. Includes the first
observation for all individuals.
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Figure 29. Microhabitat selection results for Blarina brevicauda based on a linear regression for the
amount of coarse woody debris present at the trapping site measuring greater than 20 cm in diameter and
the distance from the center of the text box. Results for this regression are not significant. Includes the first
observation for all individuals.
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DISCUSSION

Possible connections between animal personality, home range, and microhabitat
selection were investigated for three small mammal species, including deer mice,
southern red-backed voles, and northern short-tailed shrews. Open field tests were used to
evaluate behavior in the field, and behavioral variables were quantified using a tracking
software. Personality was extrapolated from these results in a previous study, and
significant repeatability was found for each species (Brehm & Mortelliti, 2018).
Information collected from the field was then compared to the behavioral results from the
open field tests. Through linear regression tests, it was determined that personality
variables, such as average mean speed, jump frequency, rear frequency, time mobile in
the center of the arena, and distance from the center of the test box, are not correlated to
home range or microhabitat selection.
Personality and Home Range
No relationship was found between personality and home range. Based on this
study, one can conclude that personality and home range are not in fact associated in
small mammals, and that home range size does not differ for bold and shy individuals.
Although personality has the potential to significantly impact the lives of small
mammals, the factors influencing home range size, such as competition, predation, and
resource acquisition, may yet signify a type of habitat selection too complex for
personality considerations by small mammals.
Although this particular study shows no correlation between personality and home
range, as calculated by distance travelled in the field and average mean speed, jump
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frequency, rear frequency, and time mobile in the center of the arena in the open field
test, this may be due to a number of factors that require further examination. Although no
correlation was found between the two variables used in this study, other behavioral
variables of interest could be considered, and further research on this subject should be
conducted.
Application of the simple home range construction using the Pythagorean theorem
may have also led to confounding results. In future studies, this imperfect calculation for
home range might be rectified by other measurement methods. The use of more accurate,
advanced tracking devices such as radio collars, miniature backpacks, or GPS implants
may be considered in future studies of home range and personality (Harrison et al., 2015;
Spiegel et al., 2017; Wood et al., 2010).
Personality and Microhabitat Selection
The results of the linear regression tests also showed no relationship between the
personality variable, distance from the center of the test box, and microhabitat selection.
Based on the comparison of meters of coarse woody debris found at the site of capture
and the average distance the individual kept from the center of the test box, these findings
suggest that small mammals with bold and shy personalities do not show distinct
microhabitat preferences, and do not interact with coarse woody debris differently.
Coarse woody debris, perhaps a basic and vital habitat component for some small
mammal species, may therefore be an unsuitable component for analysis. In future
research, a variety of microhabitat components might be considered, including cover by
grass, shrubs, or trees, with possible inclusion of specific plant species present.
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Furthermore, perhaps the addition of a vegetation scale ranging from sparse to dense
microhabitats may yield different results.
Of the two variables in this component of the study, meters of coarse woody
debris and distance from the center of the test box, perhaps the latter might be
reconsidered. Similar to the conclusions from the home range portion of this paper, the
behavioral variable gleaned from actions in the test box may be too far removed from
natural associations between small mammals and coarse woody debris in the field.
Conclusions
The five actions performed and monitored in these behavioral tests, including
mean speed, jump frequency, rear frequency, time mobile in the center of the arena, and
distance from the center of the test box, cannot be used to infer home range and
microhabitat selection for coarse woody debris actions performed in the field. The
relationship between animal personality traits, such as movement behaviors, vary based
on the environmental context in which they are measured (Minderman et al., 2010).
The findings of this research suggest that personality is not related to home range
or microhabitat selection in small mammal species. Although future research should
continue to investigate this topic, one can conclude that personality is not an accurate
measure for determining home range estimations for a bold or shy individual, and that
bold or shy individuals do not show a preference for the amount of coarse woody debris
present in their home range.
Variation in behavior remains to be vital to viable populations in terms of both
fitness and diversity (Dall et al., 2012; MacPherson et al., 2017; Réale et al., 2010; Réale,
Reader, Sol, McDougall, & Dingemanse, 2007). In order to conserve and manage
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healthy, wild populations with diverse behaviors, animal personality must be considered.
Personality research is a burgeoning field with numerous possibilities. The potential
implications of differences in animal personality are considerable, and research should
continue to investigate the impact of animal personality on wild populations.
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